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Absfraci iwvcctrimc, clavoloninc and annofolinc have been intcrrclatcd and their stcreochcmistrics 
clucidatcd. The conversion of clavoloninc IO lycopodane, the Wolff-Knhncr reduction product of 
lycopodinc is described and a structure is propourd for an abnormal Ilofmann degradation product of 
clavolomnc. 

F~wc~rrnh’f’, C,,H5N03 the major alkaloid of I.. jbwerrii’ and a minor component 
of L. annotinum2~3 and Jamaican I_. claratum’ has been shown to bc a tetracyclic 
tertiary base possessing a hydroxyl group and an 0-acctyl residue. Mild hydrolysis of 
the alkaloid affords dcacctylfawccttiinc, C,BH,iN02 which is also naturally occurring 
in Jamaican L. cluc~afun~.3 Acctylation of deacctylfawcettiinc or fawccttiine gives rise 
to the diacctate Base K, C,,,H,,h’Ol found naturally in L. fawccttii.3 

From the chromium trioxide oxidation of fawcettiinc, a kctoacctate dehydro- 
fawccttiinc, Cl,HnNO, was isolated which hydrolyscd readily in base to a compound 
C,,,H,NO,. The infra-red spectrum of the latter in Nujol bore a strong resemblance 
to that of annofolinc* but was clearly not identical and the melting points were also 
diffcrcnt. Howcvcr, the infra-red spectrum in chloroform solution was identical to 
that of annofoline in this solvent and the optical rotation ([z]*, 132”) was in good 
agreement with the published value for annofolinc ([z],, I3 I ‘).? Subsequently, it 
was found that crystallization from a concentrated ethereal solution gave material 
showing an infra-red spectrum in Nujol identical to that published for annofoline.’ 
When the mcthiodidc of the hydrolysis product was compared with that of annofoline 
the two were shown to be identical (melting and mixed melting points and infra-red 
curves). More recently Anet and Khan have shown annofoline to have the structure 
(III) so that dehydrofawcettiinc must bc (II) and fawcettiinc (I). Deacctylfawccttiine 
and Base K must bc (IV) and (V) respcctivcly. In an effort to corroborate the identity 
of annofoline and deacctyldehydrofawcettiinc, annofoline acctatc was prepared but 
its methiodidc (m.p. 289-290” [z]*, 66’) was found to bc different from dchydro- 
fawccttiine mcthiodidc (m.p. 271-272’ [I],, -48^). Since annofoline can be reduced 
to deacctylfawccttiine ,$ the difference between annofoline acetate and dchydrofaw- 
cctfiine must be stcrcochemical rather than skclctal (see later). 

l The melting point (and rhc infra-red spectrum in Nujol) of annofolme arc somewhat variable. Dr. Anct 
(Private communication) has also observed this phcnomcnon. whtch is presumably dependent on the cquili- 
brium bclwecn the hemi-kcral and hydroxy-ketone forms of chls bare (UC ref. 5). 

’ R. 11. Rurnell. 1. Chcm. Sot. 3091 (IYSY). 
x F. A. 1.. Ancr and N. H. Khan. Contxf. /. Chrm. 37, 1589 (1959). 
’ R. H. Burncll. B. S. Mooroo and I). R. Taylor. Lbnod. 1. C’hrm. 38. IY27 (1960). 
’ R. H. Burncll and B. S. Mootoo. Can&. /. Glum. In press (1961). 
’ F. A. 1.. Anet and N. If. Khan, (‘hem. & Ink 1238 (IWO). 
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Clavolonine, C,,H,NO, was obtained as a major component of Jamaican 
L. clut~~rum,~ and is also a tctracyclic tertiary base which from the infra-red spectrum 
contains a hydroxyl and a carbonyl in a six-membered (or larger) ring. Oxidation of 
clavolonine with chromium trioxidc--pyridinc gave a dikctonc, C,8HpN02. charactcr- 
ized as the mcthiodidc. m.p. 310-312” which was identical to the methiodide of the 
dikctone obtained (albeit in low yield) by the similar oxidation of dcacctylfawccttiine 
(IV). This ketone could have arixn from a compound epimcric to annofoline or from 
either epimer corresponding to VI. Of these, the latter seemed the more likely since 
clavolonine shows a peak at 1410 cm -l in the infrared, suggestive of a methylene 
grouping adjacent to the carbonyl. The following conversion of deacetylfawccttiinc to 
clavoloninc clearly distinguishes between these possibilities. 
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Acetylation of deacetylfawcettiinc in acetic anhydride--pyridinc at room tempera- 
ture (or using the acetic anhydridc-sodium acetate method) affords Base K but if the 
reaction is carried out at 5” a new monoacetate, isofawcettiine is produced which may 
be further acetylated to Base K or hydrolyscd back to deacetylfawccttiine. Isofaw- 
cettiine (which must bc VII) was oxidized to the corresponding ketone VIII, dchydro- 
isofawccttiinc, hydrolysis of which gave a substance identical in every respeu-t to 
clavolonine. This shows the latter to be VI and (unlike annofoline) the 0-acetyl 
derivative of clavoloninc was shown to be identical to dchydroisofawccttiine. Reduc- 
tion of clavolonine with an ethereal solution of lithium aluminium hydride alTordcd 
(as the only product) dcacetylfawcettiine (IV), whereas lithium in liquid ammonia6 or 
sodium in isobutanol gave the epimeric a-dihydroclavolonine, m.p. 263--266’. 

Dcacctylfawcettiine is readily dehydrated by thionyl chloride in benzene to give an 
unsaturated alcohol, anhydrodcacctylfawcettiine, C,,H,NO*. The NMR trace of the 
latter shows that the double bond bears only one proton (7, 4.45) and also that the 
grouping CH,-C --H is preserved (7, 9.00; J 5.9 cps) so that the anhydro product is 
IX. This is contrary to our findings3 that fawccttiine can be dehydrated and then 

’ F. Sondhcimer. 0. Manccra, <i. Rownkrsnz and C. Djcrassi. /. Amer. Chrm. Sot. 75, 1282 (1953). 
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hydrolysed to anhydrodeacetylfawcettiinc but one must assume that in the work-up 
from the phosphorus pentoxide dehydration both hydrolysis and acid catalysed 
elimination must have occurred. Confirmation of structure (IX) for anhydrodeacetyl- 
fawcettiine was obtained by the ready elimination of water from isofawcettiine 
(thionyl chloride in benzene) followed by hydrolysis to IX. The best method for the 
preparation of 1X was found to be treatment of deacctylfawcettiine with ethyl chloro- 
formatc to give the mono-ester, followed by thionyl chloride dehydration and then 
hydrolysis. The anhydro compound obtained from deacctylfawcettiinc directly was 
accompanied by smaller amounts of an unsaturated chlorine containing substance, 
C,,HuNCI for which WC tentatively propose the structure (X). Prolonged refluxing of 

anhydrodcacctylfawccttiinc in a benzene solution of thionyl chloride also produced 
the same chloro compound. 

A comparison of the optical rotations of a series of compounds obtainable from 
lycopodine and a similar series from clavoloninc (see Fig. I) led us to believe clavo- 
lonine to be a hydroxy lycopodinc and the stereochemistry of the ring systems of the 
two alkaloids to be the same. The rotations of the corresponding mcthiodides reflect 
the same relationship. 

I I 
+.x0* 

_&;;y * +2_. @ 

I , , r 
” 

-4ce. -4ow. 

A E C 0 E F A E C 0 E F 

I:tc;. I. Molecular rotauon comparison of clavolonine (-) and lycopodinc (. -) derivalives. 
A: ketone: B: hthium aluminium hydride reduction product: C: sodium in alcohol reduction 
producl; D: anhydro compound (dehydration of B with thionyl chloride); E: acetate (acetic 

anhydrldtpyridinc treatment of B); F: Wolff-Kishner reduction product. 

This similarity of the two bases was confirmed as follows: Wolff- Kishncr reduction 
of clavolonine (VI) afforded the dihydrodeoxyclavolonine (XI) which was smoothly 
oxidized to the corresponding ketone (XII). The latter was again subjected to Wolff- 
Kishncr reduction and the product, a mobile oil characterized as the methiodide, 
m.p. 284286’. The infra-red spectrum of this derivative was indistinguishable from 
that of the corresponding derivative of lycopodane (XIII), obtained from lycopodine 
and a mixed melting point of the methiodides showed no depression. In our hands, 
lycopodine when subjected to the same conditions as used for the Wolff-Kishner 
reduction of clavolonine, yielded only the hydrazone. previously reported by Marion’O 
but Ayerrb and co-workers have been able to effect the reduction in one step. However 
we found lycopodine hydrazone to be converted smoothly to lycopodanc by heating 

‘* I). B. MacLean. R. H. F. .Wanske and L. Marion. Cbnod. 1. Rrs. 2JlB. 460 (1950); ’ W. A. Ayer and G. G. 
Ivcrach. Pcnonal commumcatlon. 
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in a sealed tube at 190-195” with ethanolic sodium ethoxide. The ketone (XII) can be 
reduced to dihydrodeoxyclavolonine (XI) in high yield by sodium in diethylcne glycol. 

Wolff-Kishner reduction of dehydrofawcettiine afforded, as the only product a 
compound, C,,,H,NO, which is isomeric but not identical to dihydrolycopodine 
(XVa). Anet* has also described this reduction product and has suggested the struc- 
ture (XXII) (CH, for C:O) since it is also obtained by similar reduction of annofoline. 

It was hoped to corrclatc clavoloninc and lycopodine by reducing both with red 
phosphorus in hydriodic acid but the only tractable product from clavolonine analysed 
for &H,NI, and normal methods for the removal of iodine have so far proved 

ineffective. 
From MacLean’s work on lycopodinc, s the stereochemistry of the molecule is 

readily deduced to be XIV which accounts for the hindered nature of the carbonyl and 
the internal cyclization of a-cyanobromolycopodine. The dihydrolycopodine (m.p. 
168”) (XVa) obtainable by the lithium aluminium hydride reduction of lycopodine 
undoubtedly has the hydroxyl group axial since elimination proceeds readily in bcnzenc 
containing thionyl chloride at room temperature to give anhydrodihydrolycopodinc 
(XVII). When sodium in isobutanol is used for the reduction, the epimeric z-dihydro- 
lycopodine (XVIa) is produced which is not readily dehydrated but does form a 
cathylate with ethyl chloroformatc in pyridinc. lo Dihydrolycopodinc (XVa) does not 
react with the latter cvcn after 24 hr. The infra-red spectra of the acetyl dcrivativcs 
(chloroform solution) arc in agreement with this since XVb shows a split acetate 
whereas XVIb shows only a single peak in the 1250 cm ,i region.” 
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Clavolonine is reduced by lithium aluminium hydride in ether to deacetylfawcettiine 
and by sodium in isobutanol to z-dihydroclavoloninc, these reactions are analogous 
to the respective reductions of lycopodine. Clavolonine affords an acetate (single 

acetate peak) and forms a cathylate with ethyl chloroformate. Dehydration is not 
accomplished with thionyl chloride nor even by phosphorus pentoxide in boiling 
toluene. The facile dehydration of IV to anhydrodeacetylfawccttiinc shows the 
hydroxyl at C, to be mid and rruns to the CB hydrogen atom. Since IV, which reacts 
with ethyl chloroformatc at one of the hydroxyl groups only, forms the monoacetatc 
(VII) (single acetate peak) which is unaffected by ethyl chloroformate in pyridine 
then the readily acetylated hydroxyl group is equatorially disposed to the bridge ring. 
Fawccttiine (I) reacts readily with ethyl chloroformate and shows a complex acctatc 
peak in the infra-red. 

* F. A. L. Ancl. Tetrahedron I.rrtrrs No. 20. 13 (lY60). 
* W. A. Harrison and D. B. Md_.cnn. Chrm. d fnd. 261 (lY60). 

lo 1.. I-‘. Fiescr. J. I:. Hen. M. W. Klohs. M. A. Romcro and T. 1J1nc. /. Amer. Chum. SOC. 74. 33OY (1952). 
” II. Iilnchmann. /. Amrr. C‘hrm. Sur. 74, S3Si (1952). 
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Thus, this group of bases is accommodated satisfactorily by XVlIla d, anhydro- 

deacetylfawcettiinc by XIX and clavolonine by XX. 
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From the infra-red spectrum of clavoloninc in chloroform solution and in particu- 
lar its resemblance to that of annofoline, it was thought’l that both of these bases 
existed as equilibria between hydroxy-ketone and hcmikctal forms but quantitative 
infra-red comparison spectra in chloroform (Fig. 2) show that the hemi-kctal form of 
clavolonine makes a very small contribution, if indeed it is present at all. 
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Fr<j. 2. Comparison of the intensities of the carbonyl absorption in the infra-red spectra of (a) 
annofolmc (b) clavolonme and (c) accryl clavoloninc. The concentration of the base IS 

20 mg/ml in each case (chloroform solution). 

Lofoline,’ which has been shown to be cpimcric to fawcettiinc* and thus XXI. 
dehydrates readily as would he expected of a compound containing an axial hydroxyl 
group with an adjacent rrans hydrogen substitucnt. Lofoline does not form a 
cat hylatc. 

Optical rotatory dispersion mcasurcments on clavoloninc and lycopodinc show 
that both exhibit positive Cotton cffccts. Applying Djerassi’s Octant RuleI to these 

11 R. Ii. Hurncll and I). R. Taylor, Chcm. d Ind. 123Y (1960). 
1’ C. Djerassi. Optical Rofofory Disprrrion p. l7A. McGraw-Hill. New York (1960). 
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findings sug~csts the absolute stereochemistry of these bases to bc as shown (XX and 
XIV) rather than the mirror-image reprcscntations which have been used in previous 
publications.* Negative Cotton cffccts are shown by dehydrofawccttiinc (II) and the 
kctonc (XII) in agrccmcnt with the proposed absolute stcrcochemistry. Annofolinc, 
which necessarily contains the bridge ring in the boat form since this base exists in 
both the hcmi-kctal and hydroxy-ketone forms, also shows a negative Cotton clTcct 
and must clearly be XXII. The change of ring conformation (from the chair form in 
fawccttiinc and dehydrofawcettiinc) must involve inversion of the configuration of 

xx!Ir 

the adjacent methyl grouping, since an axial (flag-pole) methyl group alpha to the 
carbonyl would produce a positive Cotton effect. The stercochcmical difference 
bctwecn annofolinc acctatc and dehydrofawccttiinc referred to earlier, must arise 
during the basic hydrolysis of the latter. Under these conditions the hcmi-kctal form 

of annofolinc is greatly favourcd and this explains why annofoline is the only product 
from the hydrolysis. The acctylation of annofoline is considerably more complex if 
carried out in the prcscncc of added bases such as pyridine or sodium acetate but 
rcfluxing in acetic anhydride alone afl’ords annofoline acetate in high yield. 

Lycopodium alkaloids in gcncral, have shown no great susceptibility to Hofmann 

degradation. Rcfluxing clavoloninc mcthiodide in tertiary butanol containing 
potassium t-butoxide afforded a crystalline product, C,,H,NO, m.p. 196-398“ which 
contained one N-methyl group (analysis), a carbonyl and a hydroxyl (infra-red). The 
NMR spectrum, showed no bands at low field ascribable to olcfinic protons and the 
infra-rcdspcctrum contained no pcakscharactcristic of a terminal methylcne grouping. 
Since the product contains an N-methyl grouping, fission of cithcr the C, --S or the 
C12 -.. N bonds must have occurred but the potential propenc sidc-chain must have 
cyclizcd intramolecularly. Both clavoloninc and the Hofmann base show infra-red 
peaks at 1410 cm-* which suggests the presence of the grouping -CH&:O . This 

band dots not appear in the infra-red spectrum of the lithium aluminium hydride 
reduction product obtained from the Hofmann product nor in dcacctylfawccttlinc 
(the reduction product from clavoloninc). Complete reduction of the carbonyl group 
ing of the Hofmann base by this method rcquircs considerably longer rcfluxing than 
the reduction of clavolonine, suggesting a greater dcgrce of hindrance to the approach- 
ing reagent. The optical rotatory dispersion of the Hofmann product shows a negative 
Cotton cficct, as opposed to the positive cl&t in clavoloninc. indicating the introduc- 
tion of an axially disposed substituent adjacent to the carbonyl group. This evidence 
is consistent with the structure (XXIII) for the IIofmann base. 

l Dr. Z. Valcnla has lnformcd us rhat Ihe Ln~vcrs~~y of New Rrun\wck wotkcrs have deduced rhir 
same ahsolurc swrcochcmwry. 
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EXPERIMENTAL 

The infrared figures were measured as Nujol mulls unless otherwise s~tcd and the pK titrations 
were performed in 50% aqueous MeOH. Melting poinrs arc uncorrected and the optical rotarions 
were mcasurcd at 28-U)‘. 

A solu1ion of fawcc11iinc (2.4 g) in pyridinc (30 ml) was added slowly to a slurry of chromium 
trioxidc (4 g) in pyridine (40 ml) while the temperalure was matntaincd below 20”. The mixture was 
stirred at room tcmpcraturc for 9 hr and then made basic with ammonia and cxtrac1cd with chloroform. 
The crude produc1 ob1amcd by cvaporalion of 1hc laucr (2.24 g) was run over alumina in bcnrenc 
atfordrng solid dehydrofawcettiine (I.6 g) and on further clutron unchanged fawce11iinc (0.41 g). 
The dchydrofawcc11nne was rccrystallircd from acclonc, m.p. 13Y-140 , JZ]D 68’ (c 1.12. EtOH). 
J.R. 1740 and 1240. 1225 (acetate) 1710 (C:O)cm *. R.D. in FtOJt (cOGt5) 25 ; [zltm 51’. 

bl”, 84’. I&, loo0 . 14*.* 194’). Found: C, 71.0; H. 9.4; 0. 15-S; N. 4.5. C,,lI,:NO, 
rcquna: C. 708: II. 8.Y; 0. 15.7: N. 4.65;). 

The merhiodidc, m.p. 271 272’ (msertcd a1 250’). [2]r) 48 (c 1.49, 5Oqd EtOH) (Found: 
C. 51.2; H, 6.8; N, 31; I. 28.6. C,,H,,NO,.CJIaJ requires: C. 51.0; Jl. 6 8: N, 3.1: I, 2%4t/,). 

Annofoline thy hydrolvis of I I ) 
To dchydrofawce11imc (I.37 g) in M&II was added a soluuon of sodium hydroxide (IO g) in 

McOH (25 ml) and water (45 ml). After 16 hr at room tcmpcra1urc. the 1urbid soluuon was dilured 
with water and cxtrac1cd wnh chloroform. Concentration gave an 011 (I.2 g) which sulidrficd on 
standing. ‘Ihc annofolrnc. after rccrystalliration from ether had m.p. 150-I 51 ‘, I210 132 (c I 05. 
EtOII). I.R. 3450 (OH) and 1704 (C:O) cm I. The infrared spectra rn Nujol and in chloroform wcrc 
idcnucal IO those of annofoline. R.D. in FIOH (c 0.2) 24’; [21to. 94 5. l4w. -.1.30.5 ) [xl=, 
- .1135’. ]2]*,, -905 . 

The merhiodrdc. from &OH-aalone. m p. 30X-310 (Inserted at 240 ). (Found: C. 50.0; 
II, 7.0; N. 3 6; I. 31.x. C,,JI,,NO,.CH,I rcquircs: C, 50.4; H. 7.0; N, 3 5; I. 3l.3:,). 

Annofohne (IO0 mg) was rcfluxcd fur 5 hr in acetic anhydridc After removing the solvcn1 in rucuo 
the rcsiduc was dissolved m bcnrcnc and run through a short alumina column. The cluaie. which 
showed only one spar on paper, was convcrtcd 10 the methiodidc. m.p. 2X9-290 (inserted at 250 ). 

I4D 66 (c 1.31, 500, FIOJI). (Found: C. 50.9; H. 6.9; N. 2-9. C,,H,,NO,.CJJ,l requires: 
C. 51.0; H, 6.8; N. 3.1 OO). 

(a) From &uct+~ylfuwccrrkw. JIcacetylfawce11iinc (795 mg) was dissolved in pyridinc (7.5 ml) 
and 1hc solution added 10 pyridinc (I5 ml) containmg chromium trroxidc (I.5 g). rhc rcmpcraturc 
being kcp1 at 20 . The mixlurc was stirred 11 room 1cmpcra1urc for 2 hr. then poured into water. 
made strongly basrc uith sodium hydroxide and chloroform cx~nc~cd. Evaporalion gave the crude 
base (570 mg) which was run over alumma in bcnztnc 10 give the dionc (140 mg) as an oil. Further 
elution afforded unrcac1cd dcacc1ylfawcct1iine (270 mg). The dione readily formed the methiodidc. 
m.p. 310 312 (dccomp.. mscrtcd a1 250’) idenlical in cvcry respect 10 tha1 obtained in (b). 

(b) ~rnm cluroloninc. Clavoloninc (2.27 mg) was oxrdised as in (a) yielding largely unchanged 
slatting ma1erral (I.5 g) and the dionc (0.41 g). The methiodidc, m.p. 310.312’ (dccomp . inserted a1 
250 ). showed absorptton in the I.R. a1 1725 and J707(C:O) cm ‘. (Found: C, 50.2; H. 6.6; N. 3.6; 
0. 8.2; 1. 31.6; S MC, 3.8. C,,H,,NO,.CJl,I rcquirc-: C, 50 6; JI. 6.5; N. 3 5; 0, 7.9: I. 31 5; 
N-Me. 3.7 3,) 

(a) Ar room rrmpcrururr. Deacctylfawcc1tiinc (377 mg) was dissolved in pyridinc and acc1ic 
anhydride added. Afier I6 hr a1 room tempcraturc 1hc solution was cvaporarcd 10 dryness and the oil 
(410 mg) run over alumina In benzene. The first clua~c (60 mg) was shown by its melring point, 
113-J I7 , mixed melung point and infra-red spectrum to bc Rasc K. V. Further bcnzcnc eluriun gave 
a while crystalline solrd (240 mg) which was a mixture of Base K and isofawcctuinc (VII) (102 mg). 
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scpararcd by fractional sublimation. ‘I’hc laltcr was sublimed for analysis, m.p. 207.,208 , [x]t, .-48” 

(c 0.87, EtOH). I.R. 3100(011) and 1724. 1235 (acctatc) cm”‘. I.R. in carbon tctrachloridc 3100. 1726 

and 1240 (sharp single band) cm ‘. (Found C, 70.5; H. 9.5; 0. 15.6; O-AC. 14.3. C,,H,.NO, 

rcqurrcs: C. 70.3; H. 9.5; 0. 15.6; 0 AC. l4.9”,). 

The melhiodldc. m.p. 288-.2X9’ was prepared in acctonc. (Found C. 50-7; H, 7.5; I. 28 5. 

C,,H,,SO,.CH,I rcquircs: C. 50.8; II. 7.2: 1. 28 2Yi.) 

(b) Ar IOH. /cnjperorurc. I)cacctylfau-cellGnc (I.23 g) was acvlylalcd as above but the lempcraturc 

was kept at 5 for 20 hr. ‘The crude oil obtarncd showed only one spot on paper chromalography and 

aflcr runnrng obcr alumma, gave an almost quantitalivc yield of Isofawccrtrme (I.35 g). 

Hydrolysis of VII (20 mg) m McOiI (I ml) and water (I ml) containmg sodium hydroxide (0 5 g) 

gave dcacetylf;lucctrllne. m.p 205 207 (mixed m.p. and infra-red). 

Isofawccrriinc (O-67 g) was oxidircd with chromium trioxide (I.5 g) in pyridinc as dcscribcd above. 

The crude product IO.5 g) was purified by alumina chromatography atfordmg a colourlr%s otl(O.4 g), 

I.R. in chloroform, 172-l and 1245 (sharp single peak -acctarc). 1698 (C:O) cm I. charzctcrirrd by 

conversion IO the mclhioddrdc. m.p. 30X (Inserted al 250 ) (Found: C, 50.0: H. 7.0; N, 3.2; 0. I I 4; 

I. 2X.2. C‘,,tIzlSO,.CH,I rcquircs: <‘, 51.0; t1. 6.X; N. 3-l; 0. I I 7: I, 28 4”;). 

//~dro/,ysis o/ VIII I0 c/or&nine (VI) 

I)chydrolsofau-ccrrlinc (200 mg) was dlrsolvcd in McOH (IO ml) and a solution of sodrum 

hydronldc (5 g) 111 water (IO ml) was added. After 4 hr the rmxturc was &lured with water and chloro- 

form cxrractcd IO yield a white solid (160 mg) which after sublimation had m.p. 234 235’ (unchanged 

on adrmxlurc wrlh cla~olonrnc) R.D. in ErOH (c 0.05) 25’; [z],.~ * 40 , [z],,~ ; 2440,. [2]- 

. 1310 The infra-red ~raccs in nujol and chloroform wcrc identical IO those of clavolonine. 

C’/rtv/onine uretufe merhiodide Clavoloninc (100 mg) u’;1s acclylaccd in acclic anhydrrde-pyridrnc 

;II room lempcraturc for I8 hr. The crude acctatc (I40 mg) w-as purified by alumina chromatography 

atfordmg an orl (I 25 mg) showing an Idcntiwl infra-red spcrtrum to dchydrorsofawccltlinc (chlora- 

form solulion) ‘I’hc mcthiodide. m.p. 308 (dccomp.) was not dcprcsscd on admixture with dchydro- 

isofauccltrmc nrrhrodldc of the same mcl~mg point. 

Rrducrion of cludonrne 

(a) With lirhiunt cduminiur h,,dride. To clavoloninc (I 95 mg) in anhydrous cthcr was added cxccss 

lithium aluminium hydride and the mixture rcfluxcd for I6 hr. WCI McOH was used 10 dryomposc 

the unrcaclcd hydride and alicr filtration. lhc solution was taken to drynr-s and lriluralcd with 

acctonc. F.vaporalion of rhc filtered acetone solullon gave while crystals, m.p. 206-207 ‘, [2]1, -6’ 

(c I 0 I:rOtI) after sublimation (180 mg). I’apcr chromatography. mfra-red comparison and mixed 

m.p. showed this materral IO bc dcacclylfawcctrlinc. 

The mcthiodidc (not previously dcscribcd). m.p. 289 290’ (dccomp.). [z]I, 1.5’ (c 1.37 507: 

ErOlI) (E’ound: C. 50.1 : II. 7.6; I. 31.3. C,,lI,,NO,.CH,I requires: C, 50.1: t1. 7.4; I. 31.2:/,). 

Sodium borohydridc In mclhanot gave rhc umc product but thr reaction was complete only after 

rcftuxing for 3 hr 

Ih) Wtrh sodiuiunt in iwhuranol. Clavoloninc (500 mg) was dissolved in dry lolucnc (60 ml) and 

anhydrous isobulanol (0.75 ml) added. 'lhs solution was added IO a suspension of sodium (100 mg) 

In lolucnc (3 ml) and the mixlurc stirred overnight. Water was added and the ~olucnc layer taken IO 

dryness IO give an art (200 mg) which was run over alumina in bcnrcnc. Some unchanged clavoloninc 

(15 mg) was first clutcd in chloroform and subscqucnl clulion with SlcOii afforded a-dlhydro- 

clavoloninc (70 mg). m p. 263 266’. ]2lr) i 33 (c I.01 EtOlI). I.R. 3370 and 3100 (sh) cm I. A 

sample was sublimed for analysis. (Found: C. 72 7; H, l@4; 0, 12.6. C,,tI,,SO,rcqurrr~: C, 72.4; 

H. 10.3; 0. 12.1”:). 

Rcducllon of clavoloninc by lithium in liquid ammonia gave the same aJihydroctavotoninc but in 

low yield. 

Anh~drf~dcucecr~~u~cerfiine (IX) 

(a) Fro~tt i.rofuwe/riine. Isofawccttlinc (100 mg) was dlssotvcd in bcn7cnc and cxcc~s thionyl 

chlorldc added. After 4 hr the solution WM cvaporatcd IO dryness and 1hc residue taken up in waler. 

basificd with ammonia and chloroform cxlracled. The brown oil (IO0 mg) was purified by alumina 
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chromalography, glvmg anhydroisofawccltiine (80 mg) as a colourk~ 011. A porIlon of the malerial 
was converted IO the mcthiodidc. m.p. 258-261’. idenrical with aceIylanhydrodeaceIylfawccIIime 

methiodidc (see later). 
‘&T bulk of the material (SO mg) was hydrolyzed ai room Icmperaturc in mcIhanolic sodium 

hydroxldc alTording IX (40 mg). 
(b) From &ucrr~l/o~crrrrrne. IV (700 mg) W&S dtssolvcd in pyridlnc and excess ethyl chloroformate 

added. AfIcr 6 hr aI room IemperaIurc Ihc solution was Iakcn IO dryness in wcuo and the residue 
suspcndcd in water. bmificd with ammoma and cxtracrcd with chloroform. The crude ester was run 
over alumina in bcnmnc and a small pan sublimed for analysts. m.p. I95 196‘. I.R. 3100 (sh. OH). 
1737 and 1258 (esrcr) cm I. (Found: C, 67.4; H. 0.3; 0, 1Y.l; O-E!. I3 5. C,.H,,NO, requires: 
C. 67.6; iI. 9.3; 0. 19.0; O-El, 13.4%). 

TOW remaining ctIer was Irearcd with excess Ihlonyl chloride m benrcnc 31 room IcmperaIurc for 
4 hr and the unulurdlcd esicr obtained by cvaporalion and cxlracuon. After hydrolvsls in mcrhanolic 
sodium hydroxtdc aI room tcmpcraiurc rhc crude product was run over alumma In bcnrrne giving 
firs1 an unidcnrlficd oil (HO mg) and Ihcn ~hc anhydrodcaccIylfaJwceIIunc IX (550 mg) as a ahlIe solid. 
m.p somcwhac variable buI ca. 75-M , (z]r, -70 (c I.18 EIOlO. (Found: C. 77 6; H. IO I ; N. 5.4; 
0. 6.8; pK. 9.7. C,.H,,NO requlrcs: C, 77.7; H, 102; N. 5.7; 0, 6.5”;). 

‘Ihc mclhiodide. m.p. 263 265’ (from McO1~). (Found: C. 52.5; H, 7 5: K. 3.9; I. 32.6. 
C,J1,,NO.CHJ requires: C. 52.5; il. 7.3; N, 3.6; 1. 32.60,;). 

‘I’rcaIment of IX (SO mg) wiIh pyridinc (4 ml) and ~WIIC anhydridc a~ room IemperaIurc for 20 hr 
gave an oil showing acc~aIc peaks 31 1730 and I250 cm .’ in the infra-red (chloroform .soluIion) whch 
uas run over alumma and con\crted IO Ihc mcrhmdlde. m.p. 25X-261 . (Found: C, 52.7; 11, 7.1; 
0. 7 6: I. 29.2; 0 AC. 10.3. C,,l1,,NO,.CH,I requires: C. 52.Y; H. 7.0; 0. 7.4; 1. 29.4: 0 AC. 
IO 0”‘). .O 

~‘hk~~r~a.~yunhy~fr~ic~~~r/y~~~vcctriirrp (X) 

AfIcr room IemperaIurc IrcstmenI of IV (704 mg) ulth Ihionyl chlorldc in bcnlcnc for 6 hr and 
cvaporarlon of Ihc volarilc consIiIucnIs, Ihc rr3ldue was Iakcn up in uaIcr. baslticd wlIh ammonra and 
cxIracIcd wiIh chloroform. The crude ba.sc (680 mg) was chromarographcd In benrcnc over alumina 
affording first an inIracIablc oil (30 mg) and Ihcn a solid (70 mg) showing no hydroxyl band in Ihc 
infrz-red. A sublimed sample had m.p. 126 I28 . [%]I, -. Iu) (c l-04 EIOH). (Found: c’. 72.4; 
H, 9 4: 0. 0.0; Cl. 13.5 C,,il,,;UCI rcqulrrz: C, 72.3; H. 9.1: 0, 0.0; Cl, 13.3:~. 

FurIhcr cluIion of the column gave IX (500 mg). Room IcmperaIure Ircatmeni of IX wiIh Ihtonyl 
chloride in bcnrrnc for I2 hr produced only very small amounls of Ihe chloro compound (X) buI 
IrcaIing IX (1.W mg) with Ihc same rcagcnrs under rcflux for I6 hr gave. after chromalography 
mainly X (87 mg). 

Anhy&ol<>folinr 

I~folinc dehydrated rcadlly in Ihionyl chloride and the producl. obIaincd as drzribed previously, 
convcrtcd IO Ihc melhiodidc. m.p. 261-264 (decomp.). 1.R. 1728. 1253 and 1238 (accrarc) cm 1. 
(Found: C. 53.1 ; H. 7.0: N. 2.9. C,IH,,NO1.C1l,l rcqutrr%: C. 52.9; 11. 7.0; N. 3.2;,). 

Wolfl Kishnrr rrdurrion of clmoloninc 

Sodium (0.4 g) in dlerhylenc glycol was heated IO I80 and anhydrous hydrarinc dislilled inIo Ihc 
solulion unlil II rcfluxed freely al 180’. Clavoloninc (0.9 g) was added IO Ibe cooled solution which 
was then refluxcd for I6 hr. Excess hydrazinc was distilled from rhc reaction flask until Ihe liquid 
Icmperaturc reached 215 -220 and refluxing continued for 24 hr. The cooled solurion was diluted with 
waler and chloroform ex~nctcd. The chloroform was washed wlIh water. dried over sodium sulphaIe 
and cvapom~cd to give the solid dihydrodeoxyclavolonine (Xl) (0.66 g) which was recrysIalllrcd from 
acetone. m.p. I64 ,167 and then sublimed for analysis, [z]r, - l4’(c I.73 EtOH). I.R. 3380 and .3070 
(OH and bonded OH) cm-‘. (Found: C, 77.0; H. 10.X; N, 5.Y; 0. 6.7. C,,If,,N() requir‘5: 
C. 77.1; Il. 10.9; N, 5.6; 0. 6.7::). 

(a) biom ciih,yclrc~ux~rla~~~/~~nirrP. The base (Xl) (0 66 g) in pyridinc (IO ml) was added IO a cold 
slurry of chromium Irioxldc (3.3 g) in pyridme (I 5 ml) and Ihe oxidarion continued with occasional 
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shaking for 6 hr at room temperature. The product (0.4 g) was obtained in the usual manner and 
puriticd over a short alumina column. The ketone (XII) (350 mg) showed I.R. absorption at 1707 
(C:O) cm”. R.D. of a sublimed sample, in EIOH (c 0,057) 25’; [r],,, .tll’. (z],,: -1320’. 

1% -125Q. 
‘The ketone (270 mg) was suhjcctcd to the Wolff-Kishncr reduction as described above, affording 

(after alumma chromatography) a colourlcss oil (XIII) (150 mg). [Z]D 31.5’ (co.92 EtOH). showing 
wither carbonyl nor hydroxyl peaks in the infrared. For characterization. the methiodidc was 
prepared, m.p. 287’. (210 -20. (c 0.86 EtOH). (Found: C, 54.6: H. 8.2; N, 3.7; I. 34.0. Calc. for 
C,,H,,N.CH,I: C. 54.4; H. 8.1: N, 3.7: 1. 33.8pC). 

M~xcd melting points with lycopodanc methiodidc obtained from lycopodine hydrasone, and a 
sample of lycopodane mcthiodidc from Dr. W. A. Aycr gave no depression and the infra-red spectra 
were identical. 

During the Wolff-Kishncr reduction. a colourlcss oil (30 mg) distilled from the reaction flask with 
the cxccss hydradnc. Paper chromatography showed this to bc lycopodanc and it formed the same 
mcthiodidc as dcscribcd above. 

(b) prom I~copodinr. Wolff-Kishner reduction of lycopodinc (250 mg). employing the conditions 
described for clavoloninc. gave a crude product (235 mg) showing a strong band at 1635 (C: N) cm-i 
in the infrared (chloroform solution) which was presumably lycopodine hydraronc. The latter 
(I IO mg) was dissolved in cxccss ethanolic sodium cthoxidc and hcatcd in a sealed tube at 190-195’ 
for I2 hr. After dilution and extraction. the ody product was sublimed and the volatile sublimate 
(XIII) (100 at 0.2 mm) convcrtcd to the mcthtodidc. m.p. 286287’. which showed no dcprcssion in 
melting point when mixed with the mcthiodide from (a). 

Wolf- Kishner reduction of deh~tfrofuwet/iiue 

Dchydrofawccltiinc (370 mg) was reduced as described above and the crude dihydrodcoxyanno- 
folinc (280 mg) rccrystalliscd from acetone, m.p. 194 195’, [Z]O 34.5 (c 0.87 EtOH). I.R. 3220 
(011) cm I. (l’ound: C. 77 4: H, 10.3; 0, 6 Y; pK 9.9. C,,H,,NO rcquircs: C, 77.1; H, 10.9; 
0 6.4”‘). . 0 

Redurrion of clur~lonine (red phosphorus and hybiodic acid) 

<:lavoloninc (I70 mg) was rcfluxed in AR hydriodic acid containing red phosphorus (0.6 g) for 
100 hr. After cooling and filtering. the solution was basificd with ammonia and chloroform extracted. 
The 011 obtained on cvapomtion, crystallized on contact with ncctone and was rccrystallilrd from this 
solvent for analysis. The crystalline product. although homogcncous as shown by paper chromatog- 
raphy. had no dcfimtc melting point but dccomposcd over a wide range above 170 . (Found: 
C, 3Y.8: H, 5.1; N. 3 0; I, S2.4. C,,H,,NI, requires: C, 39.6; H, 5.2; N, 29; 1. 52.3”;). 

Forormorron of carhyla~es 

The procedure used for the reaction of dcacctylfawcettiine with ethyl chloroformatc was followed. 
The products H-cm cxamincd by paper chromatography and in the infra-red (chloroform solutions). 

Hofmunn &yru&rion of clurolonine 

To a solution of potassium (2.3 g) in dry tertiary butanol was added clavoloninc mcthiodidc 
(2.0 g) and the mixture rcfluxcd for 60 hr and then evaporated to dryness under reduced pressure. 
The m&due was taken up in water and extracted with chloroform, which was dried and then evaporated. 
The residue was recrystallized from acetone (550 mg). A portion was sublimed for analysis, m.p. 
170-171 , [x)1, -30 (c I.28 EtOH). I.R. 3500 (OH), 1685 (C:O) and 1425 (CIl,-CO)cm-*. No 
absorption in the U.V. R.D. in EtOH (c 0.036) 25^; 1~1~. .-84’. [z],,, 1340 , [I],,, - 980’. 
(Found: C, 73.6; 11. 9 7; N. 5.0; 0. 11.8; N-Me, 4.8. Ci,lI,,NO, requires: C. 73.6; H. Y.8; 
N, 5.0; 0. 11.5; N-Me, 5.4:):). 
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